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 ABSTRACT 
 Appropriate indoor housing facilities for dairy cattle 
promote improved animal welfare. Skin alterations are 
an indicator of dysfunctional housing. The purpose was 
to determine the relationship between different housing 
design and skin lesions, hence providing farmers more 
insight into how to reduce the occurrence of lesions. A 
cross-sectional study was conducted on 2,335 animals 
in 232 Norwegian freestall-housed dairy cattle from 
September 2006 to June 2007. A model was established 
to investigate risk factors related to the presence of 
lesions including hair loss, swelling, and wounds on the 
legs of dairy cattle. Separate models were developed to 
investigate risk factors related to the presence of knee 
and hock lesions. Previously described risk factors were 
included in the models, together with a questionnaire 
addressing the attitude of the farmer toward the ani-
mals. Mean (± SD) prevalence for hock lesions was 60.5 
± 21.2% with a median value of 64%. The prevalence 
for knee lesions was 35.3 ± 25.7% with a median of 
30%. Cows in herds with a soft freestall base had an 
odds ratio (OR) for knee and hock lesions of 0.22 (0.06 
to 0.73) and 0.62 (0.48 to 0.80), respectively, compared 
with those in herds with a harder freestall base, such 
as concrete and compact rubber mats. There was an 
increased risk of hock lesions when the length in the ly-
ing area in a double-row freestall was >250 cm (OR = 
2.96; 1.02 to 8.60) compared with ≤250 cm, and when 
the length of the lying area against a wall was >260 
cm (OR = 2.11; 1.53 to 2.90) compared with ≤260 cm. 
The risk for knee lesions increased if a row against a 
wall was >270 cm (OR = 1.72; 1.09 to 2.72) compared 
with ≤270 cm. Hock lesions were associated with lame 
cows (OR = 5.76; 1.14 to 29.18) versus nonlame cows, 
and with cows in their second or higher parity (OR = 
1.27; 1.06 to 1.52) versus cows in their first parity. Knee 
lesions were associated with farmers’ negative attitudes 
toward animals in pain (OR = 3.28; 1.79 to 6.03) versus 
those with positive attitudes; cows in the beginning of 
their lactation (OR = 1.84; 1.24 to 2.74) versus those at 
the end of their lactation; and tall animals (OR = 1.27; 
1.00 to 1.61) versus shorter animals. These results show 
that freestall design is important with respect to skin 
lesions as are the characteristics of individual animals 
and the farmer. 
 Key words:   dairy cattle ,  skin lesion ,  freestall ,  wel-
fare 
 INTRODUCTION 
 Since 2004, it has been prohibited to build new tie-
stall barns under Norwegian regulations (Norwegian 
Food Authorities, 2004) and as a result, there has been 
a rapid increase in the number of freestall housing sys-
tems. Shortcomings in design may cause injuries, giving 
rise to behavioral restriction, and therefore compromis-
ing animal welfare. Freedom from pain and injuries and 
the ability to perform natural behaviors are important 
factors in securing animal welfare at the farm level 
(Brambell Committee, 1965). 
 Skin lesions on the legs of cattle likely occur on areas 
where there are protrusions. When animals lie down, 
the soft tissue is compressed between these protrusions 
and the lying surface, resulting in an interruption of 
perfusion to the tissue (Zurbrigg et al., 2005). Typi-
cal lesion locations in cattle are the joints, including 
carpal (knee), fetlock, tarsal (hock), and hip (Weary 
and Taszkun, 2000); also, skin lesions occur around the 
articulation genus (stifle; Huxley and Whay, 2006). Le-
sions around the hock are common, and can range from 
a small area of hair loss to open wounds, and swelling 
can sometimes be seen on the entire joint (Weary and 
Taszkun, 2000). 
 Recording the occurrence of skin lesions has been 
used in on-farm dairy cow welfare protocols (Main et 
al., 2003). Lesions over joints occur because of defi-
ciencies in the floor surface (Huxley and Whay, 2006). 
Recently, Sogstad et al. (2005) reported more swollen 
hocks in lame animals, a finding supported by Regula 
et al. (2004). 
J. Dairy Sci.  92 :5487–5496
doi: 10.3168/jds.2009-2293 
© American Dairy Science Association,  2009 .
5487
 Received April 14, 2009.
 Accepted July 16, 2009.
  1 Corresponding author:  camilla.kielland@veths.no 
Rutherford et al. (2008) investigated hock lesions in 
cattle on organic and nonorganic farms in a multifacto-
rial study. They found that cows on organic farms had 
fewer hock lesions than cows on conventional farms. 
Limited feeding space per cow, low total standing area, 
reduced passageway cleanliness, and type of bedding 
were positively associated with the prevalence of hock 
lesions. A clear effect of season was observed, with more 
hock lesions in the spring than in the fall. Parity, lying 
time, type of freestall base, herd size, BCS, DIM, frees-
tall dimensions, and milk production were some of the 
risk factors reported previously (Busato et al., 2000; 
Weary and Taszkun, 2000; Rutherford et al., 2008).
Nevertheless, housing design and animal-based mea-
surements cannot explain all of the factors associated 
with skin lesions. The attitudes of farmers toward ani-
mals indirectly affect their handling of cattle (Coleman 
et al., 1998). The human–animal relationship influences 
cattle productivity and welfare (Hemsworth et al., 
2000). Kielland et al. (2008) developed a new instru-
ment to assess the relationship between attitudes and 
empathy of dairy farmers toward cows. Some aspects 
of that instrument, which assessed the attitude profile 
of farmers, were included in the analysis of the present 
study.
The purpose was to provide farmers with information 
on the effect of specific housing-design characteristics 
on skin lesions to yield more insight into how to reduce 
the occurrence of these lesions.
MATERIALS AND METHODS
Study Population
This study was part of a larger descriptive and cross-
sectional project on freestall housing in Norwegian dairy 
herds (E. Simensen, retired from Norwegian School of 
Veterinary Science, Oslo, Norway; personal communica-
tion). A list of 2,400 herds that were presumed to house 
cattle in freestalls was obtained from a questionnaire 
sent to all dairy advisers in Norway. Farmers had to ful-
fill the inclusion criteria, which involved their willing-
ness to participate, having herd size >20 standardized 
cow-years (based on the year 2005), having barns built 
between 1995 and 2005, and having confirmed use of 
freestalls. Additionally, data were stratified by flooring 
type. Given the low representation of rubber floor and 
solid concrete floor in the original sample, some farms 
were included even if they failed to meet some of the 
items listed in the above criteria. Questionnaire replies, 
after 1 reminder, were obtained from 1,323 farmers, 
a response rate of 55%. Of these 1,323 farms, 1,036 
had freestall or loose housing systems and 268 had tie-
stalls.
From the 1,036 freestall or loose housing systems, 
232 farms met the inclusion criteria. On these 232 
farms, 2,335 cows were investigated. The total mate-
rial available for descriptive and statistical analyses 
included 4,670 front and 4,670 hind legs. In total, 546 
observations (legs) were dropped from the multivari-
able model because of missing information. This was 
due to mismatches between cow and herd identity. The 
descriptive data were based on 232 herds and the logis-
tic model on 226 herds.
Study Recordings
The 232 herds were visited once during the period 
from September 2006 to June 2007 by 5 trained observ-
ers. The observers attempted to standardize data col-
lection through an initial 2-d training session followed 
by 3 additional training sessions. Two of the observers, 
who conducted the majority (73%) of the registrations, 
had regular meetings between farm visits to enhance 
the consistency of data recording. A systematic pro-
tocol was used to record data from every farm. Addi-
tionally, data were analyzed for a significant clustering 
effect of observer to ensure no significant differences in 
recording.
Recordings included a range of animal-based welfare 
indicators. Measurements made of individual cows in-
cluded skin lesions, BCS, locomotion score, and shoul-
der height. The month in which the herds were visited 
was recorded, as was access to pasture in the summer 
period.
Animals studied in more detail during farm visits 
were selected by systematic random sampling. Every 
third to fifth animal, based on its unique individual 
identification number from the recording system, was 
selected depending on herd size at the time of the visit. 
Ten animals were studied per farm.
Lesions on the skin were recorded on both the left 
and the right legs at the following locations: knee (car-
pal joint), front code (fetlock joint), hock (tarsal joint), 
stifle joint (articulation genus), and hip (tuber coxae). 
Lesions were classified as 1) no skin change, 2) hairless, 
3) swollen, 4) wound, or 5) open wound (Regula et al., 
2004). Body condition scores were recorded as reported 
by Edmonson et al. (1989). Locomotion scoring was 
recorded according to Sprecher et al. (1997). In the 
statistical analysis, their 5-point locomotion score was 
transformed into a dichotomous variable and into a 
4-category variable.
Data containing information about milk production 
and other detailed information about each cow such as 
parity and DIM were extracted from the Norwegian 
Dairy Herd Recording System (NDHRS) and are pre-
sented in Table 1.
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The dimensions of the freestalls were recorded as 
illustrated in Figure 1. Measures of freestall base soft-
ness were not obtained on the farm visits, but different 
types of freestall base were classified into 3 groups ac-
cording to the expected softness measured as millime-
ters impact of a sphere (diameter = 120 mm) at 2 kN 
load, a method used by the Deutsche Landwirtschafts-
Gesellschaft (DLG, 2009). Concrete was considered the 
hardest freestall base (group 1), compact rubber mats 
with a thickness between 15 and 30 mm as the second 
hardest (group 2), soft mats (30- to 40-mm thick) and 
mattresses (40- to 100-mm thick) were classified as 
the softest (group 3). The last category, called mixed 
freestall base, included stall bases within more than 
one category; for example, rubber mats and concrete 
floors.
Type of bedding material was categorized into 4 main 
groups, where 1 = none used, 2 = sawdust, 3 = wood 
5489RISK FACTORS FOR SKIN LESIONS ON COWS
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Table 1. Distribution of individual cow data available from 2006, according to the Norwegian Dairy Herd 
Recording System (NDHRS) of the 232 herds with the additional individual data registered during visits 
Variable Classification Cows, n (%) Mean SD
Milk production1 2,335 7,052.8 929.1
DIM1 2,062 138 97.7




Shoulder height,2,3 cm 2,085 133.6 4.0
BCS2 2,329 3.4 0.45






2Recorded during the visit to the indoor housing period from September 2006 to June 2007.
3Recorded by using a laser device attached to a centimeter scale to ensure that no physical contact was made 
with the animal.
Figure 1. Dimensions (cm) measured in the freestall: L = stall length; LH = lower head rail; UH = upper head rail; RC = rear curb height; 
DL = diagonal freestall length; and NR = neck rail height.
shavings, and 4 = other types (types that did not fit 
categories 1 to 3). Amount of bedding used per cow 
was based on answers given by the farmers at the time 
of the visit.
Farmers were asked to consider a statement, mark-
ing their answer on a 5-point Likert scale ranging from 
strongly disagree (1) to strongly agree (5). The state-
ment was from Kielland et al. (2008): “Animals experi-
ence physical pain as humans do.” Only 125 farmers 
(54%) answered this question.
Statistical Analysis
Descriptive analysis of possible risk factors was per-
formed before entering the data into the models. Miss-
ing data from the questionnaire about the attitude of 
the farmer was provided by adding one category with 
missing values to the attitude statement (n = 1,822 
legs). Some of the BCS measurements were missing 
(n = 8), and these were replaced with the mean BCS 
(2,335 observations). Missing data on shoulder height 
were accounted for by adding a technical yes-no vari-
able and analyzing an interaction between this variable 
and the continuous shoulder height variable.
Given that there were 2 recordings for each individual 
(left and right leg) and 10 individuals in each herd, the 
cluster effect at the individual and herd level was in-
cluded as a random effect using an alternating logistic 
regression with individuals nested within herd (Carey 
et al., 1993) using the SAS statement Proc GENMODE 
(version 9.1, SAS Institute Inc., Cary, NC). The general 
model used for estimating β was
Logit (pi) = β0 + β1X1is + … + βkXkis  
+ zherd (i) + zindivid (s),
where β0 is the intercept, β1X1is + … + βkXkis are fixed 
effects, and zherd (i) + zindivid (s) are random effects due to 
herd and individual, respectively. This procedure was 
used to investigate risk factors related to the absence 
or presence of lesions on the legs of dairy cattle using a 
binomial distribution with a loglink function, and Wald 
chi-square type 3 for significance testing.
The outcomes chosen were any type of lesions on the 
knee in one model and hock lesions in a second model. 
Lesions were classified as hairless, swollen, wound or 
open wound (1), or no lesions (0). Linearity was investi-
gated with basic graphs, and each variable was explored 
against each outcome individually. Continuous variables 
that did not have a linear relationship with the outcome 
were transformed to categorized variables according to 
their percentiles or quartiles (10, 25, 50, 75, or 90%). 
Other variables were transformed into ordinary dummy 
variables or hierarchical dummy variables. First, each 
explanatory variable was tested separately, including 
random effects. Variables with a P-value <0.20 within 
this analysis were considered in the full model. When 
building up the full model, a forward stepwise technique 
was used, starting with the variables with the lowest 
P-values from the separate variable analyses. Thus, any 
distortion and confounding could be observed as each 
variable was included separately. Confounding variables 
were tested by running the model with and without 
that variable. The variables giving the best fit were 
chosen. If variables were correlated, only one of these 
variables was included. Goodness of fit for each model 
was evaluated with Δ deviance. The models were run 
with and without the variables attitude and lameness.
RESULTS
Descriptive Analysis
The main breed was Norwegian Red, which accounted 
for more than 90% of the animals sampled. Mean herd 
size was 38.6 ± 15.5 (SD). Table 1 presents individual 
cow data available for analysis in the logistic model.
The number of herds that had a solid concrete floors 
was 81 (34.9%); 133 (57.3%) had slatted floors and 18 
(7.8%) had rubber floors. One herd housed in freestalls 
milked cows in tie stalls, 193 farms used milking par-
lors (83.2%), and 38 had an automatic milking system 
(16.4%). Eleven herds (6.9%) were on organic farms. 
Summer grazing from June to August was used by 60% 
of the farms sampled.
The distribution of the different severities of skin 
lesions is presented in Table 2. Lesions were mostly ob-
served on the hock and knee joints with a prevalence of 
60.5 and 35.3%, respectively. Only 3 to 9% of cows had 
lesions on hips, fetlocks, and thighs. With regard to the 
hock recordings, 40% of the legs had no lesions, 53% 
had hair loss, 1.0% had swelling, and 6% had wounds. 
On the knee, 65% had no lesions, 29% had hair loss, 
4.6% had swollen areas, only 1.4% had wounds, and no 
open wounds were found. Only 17% of the cows had 
locomotion scores of 3, 4, or 5, and were defined as lame 
(Table 1).
The herd prevalence of skin lesions showed large vari-
ation regarding knee and hock locations. Hock lesions 
were present in all herds and 6 herds had a prevalence 
of 100%, whereas for knee lesions 21 herds had no cows 
with lesions and only 1 herd had knee lesions on all 
cows. At the herd level, the limit for the lowest quartile 
for hock lesions (25% of the herds) was 45% and that 
for the highest quartile (75% of the herds) was 75%. Le-
sions on the knee showed a limit for the lowest quartile 
of 15% and the highest quartile of 55%.
Journal of Dairy Science Vol. 92 No. 11, 2009
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Logistic Regression
Table 3 lists the variables having no significant as-
sociation with skin lesions. The results of the logistic 
regression analyses with risk factors significantly as-
sociated at the 2 locations with the highest prevalence, 
the knee and the hock, are in Table 4. Risk factors for 
skin lesions on the knee were attitude of farmer, 1 to 
119 DIM, cow height, locomotion score ≥1, bedding 
material, concrete, the length of lying area, and par-
ity. Risk factors for skin lesions on the hock were left 
leg, farming style, month of visit, DIM from −60 to 
59, BCS, lameness, parity, amount of bedding, freestall 
base, the length of lying area, and the diagonal length in 
freestall base. In general, risks for skin lesions on both 
knee and hock were associated with a hard freestall 
base, the length of lying area, and with older cows. Risk 
factors that differed for skin lesions on the knee and the 
hock were attitude of farmer, farming style, month of 
visit, cow height, lameness, BCS, and type and amount 
of bedding. Days in milk showed opposite odds ratios 
(OR) for knee lesions and hock lesions (Figure 2).
Regarding the model on knee lesions, 2,657 legs had 
no lesions and 1,467 legs had hair loss, swollen joints, 
or a wound. The covariates included in the model of 
the knee lesions explained 15.2% of the variation. The 
model on hock lesions included 1,602 legs with no le-
sions and 2,522 legs with hair loss, swollen joints, or a 
wound. The covariates in the hock lesions model ex-
plained 19.4% of the variation.
5491RISK FACTORS FOR SKIN LESIONS ON COWS
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Table 2. Number of observed skin lesions recorded in 2,335 cows1  
Body location No noticeable changes Hair loss Swollen Wound Open wound Prevalence2
Left knee 1,513 668 122 32 0 0.35
Right knee 1,517 689 95 34 0 0.35
Left fetlock joint 2,268 50 8 9 0 0.03
Right fetlock joint 2,260 54 6 15 0 0.03
Left hock 897 1,280 27 130 1 0.62
Right hock 947 1,214 33 141 0 0.59
Left thigh 2,094 193 5 43 0 0.10
Right thigh 2,157 136 4 38 0 0.08
Left hip 2,279 47 3 6 0 0.02
Right hip 2,244 72 8 10 1 0.04
1Different categories of skin lesions were observed at different body locations (presented for the left and right 
side).
2Prevalence of the total numbers of lesions in the skin, regardless of severity (hair loss, swollen, wound, open 
wound).
Table 3. Distribution of the variables that were tested in 2 independent models (alternating logistic regression), 
but found not significantly associated with the model for the knee lesions or hock lesion (n = 4,124 legs in 
each model) 
Variable Classification Legs, n (%) Mean SD
AMS1 Yes 652 (15.8)
No 3,472 (84.2)
Summer grazing2 Yes 2,494 (60.48)
No 1,630 (39.52)
Herd size Continuous 4,124 38.6 15.5
Calving to calving interval Continuous 4,100 367.4 14.8
Floor (alley) Solid concrete 1,484 (34.9)
Slatted floor 2,352 (57.6)
Rubber 288 (7.76)
Freestall design
 Diagonal3 cm 4,104 191.9 7.0
 Rear curb height3 cm 4,124 23.4 5.9
 Neck rail3 cm 4,124 106.7 4.7
 Width3 cm 4,124 113.8 2.0
 Upper head rail3 cm 2,290 90.7 15.2
 Lower head rail3 cm 2,008 37.6 17.4
 Brisket board3 Yes 996 31.8
No 3,128 68.2
1Automatic milking system.
2Summer grazing: farmers were asked if their cows were outdoors during the summer period.
3Detailed measurements from the free-stall design.
Journal of Dairy Science Vol. 92 No. 11, 2009
KIELLAND ET AL.5492
Table 4. Estimates for significant risk factors in the final logistic model with lesions on the knee in one model and lesions on the hock in a 
separate model 
Fixed effect Class
Front knee model Hock model
n β1 SE OR2 CI3 P-value n β SE OR CI P-value
Intercept 4,124 −3.81 1.71 0.026 4.70 0.90 <0.001
Leg Left 2,062 0.00 0.00
Right 2,062 3,111 −0.12 0.05 0.89 0.80–0.99 0.026
Farming style Conventional 2,728 0.00 0.00 1.00
Missing 1,236 0.03 0.13 1.03 0.80–1.32 NS4
Organic 160 −0.87 0.34 0.42 0.21–0.82 0.011
Attitude5 Totally disagree 18 1.19 0.31 3.28 1.79–6.03 0.001
Disagree 354 0.76 0.33 2.13 1.12–4.06 0.022
Indifferent 308 0.14 0.31 1.15 0.63–2.09 NS
Agree 930 0.00 0.00 1.00
Totally agree 692 0.30 0.23 1.35 0.85–2.13 NS
Missing 1,822 0.17 0.19 1.19 0.82–1.71 NS
Month of visit6 January 170 0.42 0.40 1.52 0.69–3.34 NS
February 422 0.87 0.29 2.38 1.36–4.18 0.003
March 560 0.65 0.25 1.92 1.17–3.15 0.010
April 646 0.43 0.24 1.53 0.96–2.45 0.072
May 1,028 0.77 0.24 2.16 1.36–3.42 0.001
June 52 1.37 0.71 3.94 0.98–15.85 0.054
September 176 0.67 0.36 1.96 0.97–3.97 0.061
October 324 0.00 0.00 1.00
November 550 0.47 0.24 1.60 1.00–2.54 0.048
December 196 0.38 0.34 1.46 0.75–2.83 NS
DIM7 270 and more 344 0.00 0.00 1.00 0.00 0.00 1.00
−60 to 0 266 0.46 0.25 1.58 0.97–2.56 0.066 −0.54 0.21 0.58 0.38–0.88 0.011
1 to 29 390 0.61 0.20 1.84 1.24–2.74 0.003 −0.75 0.19 0.47 0.33–0.68 0.001
30 to 59 384 0.61 0.20 1.84 1.24–2.74 0.003 −0.56 0.18 0.57 0.40–0.81 0.002
60 to 89 440 0.59 0.18 1.81 1.26–2.58 0.001 0.24 0.18 1.28 0.90–1.82 0.176
90 to 119 376 0.48 0.19 1.62 1.12–2.34 0.011 −0.09 0.18 0.92 0.64–1.30 0.623
120 to 149 350 0.30 0.21 1.35 0.90–2.03 NS 0.25 0.20 1.29 0.88–1.89 0.196
150 to 179 384 0.37 0.20 1.45 0.99–2.13 0.058 0.27 0.19 1.31 0.91–1.89 0.147
180 to 209 412 0.28 0.20 1.33 0.90–1.97 NS 0.06 0.18 1.07 0.75–1.52 0.724
210 to 239 388 0.18 0.20 1.20 0.80–1.79 NS 0.17 0.18 1.19 0.84–1.68 0.333
240 to 269 390 −0.01 0.17 0.99 0.70–1.39 NS 0.21 0.17 1.24 0.89–1.71 0.202
Parity 1 1,436 0.00 0.00 1.00 0.00 0.00 1.00
2 1,186 0.01 0.10 1.01 0.83–1.23 NS 0.24 0.09 1.27 1.06–1.52 0.009
3 730 0.16 0.12 1.18 0.92–1.50 NS 0.49 0.11 1.63 1.31–2.02 <0.001
>3 772 0.41 0.11 1.51 1.22–1.88 0.001 0.42 0.10 1.52 1.24–1.86 <0.0001
Measured  
 height (cow)
Yes 3,686 0.00 0.00 1.00
No 438 3.04 1.60 20.85 0.90–483.26 0.058
Height × measured 
  height/10 cm
No 438 0.00 0.00 1.00
Yes 3,686 0.24 0.12 1.27 1.00–1.60 0.048
BCS Continuous 4,124 −0.43 0.11 0.65 0.53–0.81 <0.001
Locomotion (Loc) Not lame (1, 2) 3,420 0.00 0.00 1.00
Lame (3 to 5) 704 1.75 0.83 5.76 1.14–29.18 0.034
BCS × Loc Not lame (1, 2) 3,420 0.00 0.00 1.00
Lame (3 to 5) 704 −0.46 0.24 0.63 0.40–1.01 0.056
Locomotion score 1 1,874 0.00 0.00 1.00
2 1,546 0.19 0.09 1.21 1.02–1.45 0.03
3 518 0.40 0.14 1.49 1.14–1.95 0.004
4+5 186 0.42 0.20 1.52 1.03–2.26 0.036
Type of bedding  
 material
None 576 0.00 0.00 1.00
Sawdust 1,942 0.41 0.25 1.50 0.92–2.46 0.105
Wood shavings 1,330 0.75 0.26 2.11 1.26–3.53 0.004
Others 276 0.71 0.31 2.04 1.10–3.77 0.023
Continued
When investigating clustering within the individual 
cow, the model concerning lesions on the knee revealed 
an OR of 18.0, which indicated a large individual cor-
relation between the 2 front legs. This effect was less 
extreme regarding the lesions on the hock (OR = 4.2). 
The cluster effect revealed an OR of 2.7, indicating an 
individual correlation between the cows within herds 
with regard to lesions on the knee. This effect was lower 
regarding the lesions on the hock (OR = 1.5).
Farmers who disagreed and totally disagreed with 
the statement “Animals feel physical pain as humans 
do” were at high risk of having cows with lesions on 
the knee compared with farmers who agreed with this 
statement. This association was not found with lesions 
on the hock. Including the answers from the statement 
in the knee model, the cluster effect at herd level was 
reduced by 3.9% (from 2.78 to 2.67). A significantly 
better fit was achieved by including the attitude of 
the farmer, and the model explained 1.7% more of the 
variation when comparing a reduced model with a full 
model including the answers to the statement.
DISCUSSION
The prevalence of changes of all kinds on the skin of 
the hock was high, and our data supported Canadian 
studies (Weary and Taszkun, 2000) but was lower than 
that reported by Main et al. (2003) in the UK. Skin 
lesions on the knee had a prevalence that supported 
reports on 113 farms in 5 states in the United States 
5493RISK FACTORS FOR SKIN LESIONS ON COWS
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Table 4 (Continued). Estimates for significant risk factors in the final logistic model with lesions on the knee in one model and lesions on 
the hock in a separate model 
Fixed effect Class
Front knee model Hock model
n β1 SE OR2 CI3 P-value n β SE OR CI P-value
Amount of bedding8
>1 kg/cow per day 2,882 0.00 0.00 1.00
≤1 kg/cow per day 1,242 −0.43 0.13 0.65 0.50–0.84 0.001
Freestall base
Concrete 150 0.00 0.00 1.00 −0.06 0.26 0.94 0.56–1.58 NS
Compact  
 rubber mats
2,094 −1.10 0.61 0.33 0.10–1.10 0.072 0.00 0.00 1.00
Mattresses 1,494 −1.53 0.62 0.22 0.06–0.73 0.014 −0.48 0.13 0.62 0.48–0.80 0.001
Variation 386 −1.44 0.67 0.24 0.06–0.87 0.03 −0.01 0.19 1.00 0.68–1.46 NS
Freestall length
—against the wall
Yes 3,418 0.00 0.00 1.00 3,608 0.00 0.00 1.00
No 198 −0.51 0.39 0.60 0.28–1.28 NS 198 −0.15 0.28 0.86 0.50–1.49 NS
> 260 cm 318 0.75 0.16 2.11 1.53–2.90 <0.001
> 270 cm 508 0.54 0.23 1.72 1.09–2.72 0.020
—in a double row
Yes 3,146 0.00 0.00 1.00
No 922 0.05 0.15 1.05 0.79–1.41 NS
>250 cm 56 1.08 0.54 2.96 1.02–8.60 0.047
Diagonal9
>196 cm 1,004 0.00 0.00 1.00
≤196 cm 3,120 −0.45 0.14 0.63 0.49–0.83 0.001
Herd effect (α2)10 0.98 0.11 2.67 2.14–3.33 <0.001 0.40 0.06 1.50 1.33–1.68 <0.001
Individual  
 effect (α1)11
2.89 0.13 17.98 14.03–23.04 <0.001 1.43 0.11 4.17 3.38–5.15 <0.001
1Estimate.
2Odds ratio.
3Confidence interval, lower and upper limits.
4NS = P > 0.10.
5Farmers’ assessment of the statement “Animals feel physical pain as humans do” on a 5-point scale, from totally disagree to totally agree 
(Kielland et al., 2008).
6When the farm was visited (month) in the indoor housing period, September 2006 to June 2007.
7DIM on the day of registration.
8Farmers were asked about how much bedding they used per year and that number was divided by number of days and number of dairy cattle 
at that farm.
9Detailed measurements from the freestall design (Figure 1).
10α2 = random effect on herd level.
11α1 = random effect on individual cow level.
(Wisconsin, Minnesota, Indiana, Iowa, New York; Ful-
wider et al., 2007).
Our data suggest that risk factors associated with 
skin lesions differ according to the location of the le-
sion, supporting the results of Rushen et al. (2007) and 
Zurbrigg et al. (2005). In contrast to previous work, 
we analyzed both left and right feet within the same 
model, taking care of the repeated measurement by 
having “individual” as a random effect in the model. In 
this way, a correlation could be demonstrated between 
the findings on left and right legs and not only the fixed 
effect.
Lameness could have similar risk factors as skin le-
sions and could confound the results. When lameness 
was included as a fixed variable, the other estimates 
barely changed and the direction of the estimates stayed 
the same. Therefore, lameness was included in the full 
model. The attitude variable was tested with the same 
approach, and only minor changes in the estimates and 
standard error occurred. This indicated that these 2 
variables, despite being of another source of variability 
in addition to stall design, added information to the 
models and contributed to the explanation of variation 
of the prevalence of skin lesions on the leg.
A significant difference between left and right sides 
(OR = 0.89) was found in the hock model but not 
in the knee model. In addition to the anatomic differ-
ences (e.g., presence of protrusion) between the knee 
and hock, the normal lying behavior of cows (e.g., both 
knees simultaneously in contact with the floor) could 
help to explain these findings. These differences in use 
and anatomy might explain why taller (assumed to be 
heavier) cows have more lesions on the knee, regardless 
of BCS, and why cows with higher BCS have fewer le-
sions on the hock regardless of height. These differences 
might explain why the correlation within and between 
cows on knee lesions was much higher (OR = 2.7 and 
18.0) than on hocks (OR = 1.5 and 4.2). Inferences 
about causality might be that cows have to put both 
knees on the floor at almost the same time when lying 
down or standing up. They also lie down with both of 
their front legs touching the underlying surface.
Some aspects of freestall design were associated with 
skin lesions. In contrast to studies in Canada (Weary 
and Taszkun, 2000) and in Switzerland (Keil et al., 
2006), which reported that longer stalls decreased the 
prevalence of lesions on hocks, we found that cows on 
farms with longer stalls (>260 cm) had higher occur-
rence (OR = 2.11) of hock lesions. The difference in 
findings might be because of the longer stalls used in 
Canada and because the study in Switzerland was car-
ried out in tie stalls. Another reason might be that the 
hock is situated outside the freestall base when the cow 
lies down in shorter stalls. Based on our model, upper 
head rails, rear curb heights, neck rails, widths, and 
brisket boards were not associated and these factors 
were excluded.
From January 1, 2006, the Norwegian regulations on 
keeping cattle (Norwegian Food Authorities, 2004) re-
quired that cows have a soft freestall base. Some farm-
ers had not been able to change the freestall base by 
the time the current study was performed and still had 
concrete as the freestall base. Concrete is hard and very 
abrasive, and more lesions on the legs were expected 
and found. Cows from herds with compact rubber mats 
(OR = 0.33) or mattresses (OR = 0.22) had fewer le-
sions on the knee, and mattresses (OR = 0.62) were as-
sociated with fewer lesions on the hock compared with 
compact rubber mats. These findings support previous 
studies, which reported that replacing mats with mat-
tresses reduced the risk of hock damage (Livesey et al., 
2002). Mattresses may improve cow comfort and lying 
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Figure 2. Odds ratios (OR) of hock and knee lesions in relation to DIM. The OR are from 2 separate and independent logistic models, one 
for knee lesions and one for hock lesions. P-values <0.05 are circled; baseline in both models was the category 270 d and above.
time (Chaplin et al., 2000; Anderson, 2008). A soft 
freestall base reduced the prevalence of hock damage 
by 17% compared with a hard freestall base in a study 
conducted in Germany and Austria (Brenninkmeyer et 
al., 2008). In our study, a soft freestall base was the best 
of the materials identified. Some studies have reported 
that sand, waterbeds, and deep litter might be better 
at reducing the risk of leg lesions (Livesey et al., 2002; 
Norring et al., 2008), but these types of freestall base 
are rarely encountered in Norwegian dairy farms.
The attitude of the farmer plays a major role in 
managing animals (Anderson, 2008). A simple answer 
to one statement in a questionnaire does not give a 
full attitude profile, but it may offer some insight into 
how farmers handle their animals. Even considering 
the limited scope of the question asked, there was an 
association between attitudes toward animals and the 
occurrence of lesions on the knee. Difference in distri-
butions of knee lesions and hock lesions indicated that 
there were more possibilities for reducing the risk with 
regard to knee lesions, offering possible ways to address 
the issue. It was demonstrated previously that attitudes 
affect how humans treat farm animals (Coleman et al., 
1998). This might explain part of the role the farm-
ers have regarding risk factors. That the estimate of 
the herd effect (Table 4) was reduced by including this 
statement in the model supports this argument.
CONCLUSIONS
The large variation in prevalence between herds in-
dicated that improvement is possible if risk factors are 
identified. In general, risks for skin lesions on legs of 
cows were associated with a hard freestall base, the 
length of the lying area, and with parity. Risk factors 
that differed between the locations of skin lesions were 
the attitude of farmer, farming style, month of visit, cow 
height, DIM, and type and amount of bedding. These 
results demonstrate that freestall design is important 
with respect to skin lesions as are characteristics of 
individual animals and the farmer.
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